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STUDY 101. Evaluation of muskellunge and tiger muskellunge
stocking program.
JOB 101.1 Size-specific survival of muskellunge and tiger
muskellunge.
OBJECTIVE: To compare survival of various sizes of muskellunge
and tiger muskellunge stocked in Illinois impoundments.
INTRODUCTION: Stocking is a popular management tool to provide
sport fishing opportunities and to supplement existing sport fish
populations (Keith 1986). The success of fish stocking programs
is largely dependant upon the ensuing survival rates. Stockings
of esocid fingerlings have displayed extremely variable survival
rates (Wahl and Stein 1989; Stein et al 1981; Johnson 1982). The
sizes to which esocids must be reared to attain acceptable rates
of survival is largely dependant upon system specific
characteristics such as forage species abundance and size,
predator density and size distribution, and thermal regime.
Survival of esocid fingerlings in impoundments has been shown to
be largely dependant upon predation by resident largemouth bass
(Stein et al. 1981) and the composition and abundance of forage
fishes (Wahl and Stein 1988). Sizes to which esocids must be
reared will vary according to the predator population and forage
base of a specific system. The success of various size stockings
need to be correlated with these factors to develop guidelines
for impoundment stockings. These results will be used to improve
and test a bioeconomic model developed by Wahl and Stein (1990)
to compare the factors influencing survival of various sizes of
esocids as a function of cost of rearing. In this job, we
evaluate the relative survival of 4, 8 and 10 inch muskellunge
and tiger muskellunge with impoundment stockings, and assess the
effects of predator populations and prey resources on survival.
These data will be used to help develop guidelines for future
esocid stockings in Illinois.
METHODS: Pierce Lake (Winnebago Co.) was stocked with 4, 8 and
10 inch muskellunge. Numbers of fish stocked varied by
muskellunge size (Table 1). All fish were reared at the Jake Wolf
Memorial fish hatchery in Manito, Illinois, by the Illinois
Department of Conservation. Unique fin clips were given to each
size group of muskellunge. A sample of each size group was
measured (nearest mm) and weighed (nearest g) prior to stocking
(Table 1). Fish were tempered to within 20C of lake temperature
before stocking to avoid thermally stressing the fish (Mather and
Wahl 1989). A sub-sample of each stocked group was held in three
predator-free cages (N=15/cage) for 48 hours to monitor mortality
associated with stress due to transport and stocking. Temperature
and dissolved oxygen measurements were recorded on each sampling
date in order to determine their influence on survival rates.
Predation by largemouth bass was determined by examining
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contents of largemouth bass stomachs with clear acrylic tubes
(Van Den Avyle and Roussel 1980), and extracting any muskellunge.
Largemouth bass were sampled by electrofishing the entire
perimeter of each lake the first three nights after stocking,
then once a week thereafter until no more muskellunge were
collected from largemouth bass. Largemouth bass were marked to
determine population estimates. The number of muskellunge
collected from largemouth bass stomachs on each date was combined
with largemouth bass population estimates to compute the total
number of each size group eaten daily (Wahl and Stein 1989).
These values were then summed to compute total predatory
mortality.
Population estimates (Schnabel mark-recapture) and catch-
per-unit-effort of muskellunge were computed in the fall and
spring to determine survival rates. The entire perimeter of each
lake was sampled at weekly intervals by electrofishing. All
muskellunge collected were given a caudal fin clip for mark-
recapture population estimates of various sizes of stocked fish.
RESULTS: Fall electrofishing collections in Pierce Lake showed
catch of 4 inch muskellunge ceased after the first week following
stocking. However, consistently higher CPUE values were obtained
for 8 and 10 inch muskellunge during fall and spring (Table 3).
Fall mark-recapture population estimates showed survival was
directly related to size of fish stocked. No fall survival was
observed for muskellunge of the 4 inch size class, but higher
survival occurred for 8 inch (14%) and 10 inch (34%) fish (Table
2). These results confirm the pattern observed in the previous
two years with stockings of both muskellunge and tiger
muskellunge. Spring population estimates of these fish found
similar survival patterns with highest survival for 10 inch
(11%), followed by 8 inch (8%) fish. No 4 inch fish were
captured.
Numbers of muskellunge recovered from largemouth bass
stomachs were combined with the largemouth bass population
estimate in Pierce Lake (Table 4) to estimate numbers of each
muskellunge size group lost to predation. Largemouth bass
predation accounted for only a small portion of the mortality of
4 inch muskellunge in Pierce Lake (Table 5). No 8 or 10 inch fish
were recovered from largemouth bass stomachs, however catch rates
of largemouth bass were very low compared to previous years.
Mortality of 10 inch fish in cages was high (40%) 48 hours
after stocking. Eight inch muskellunge also suffered high
mortality in cages, although a direct estimate was not possible
because of lost cages. This mortality was likely due to stress
from transport since fish from all stockings were acclimated to
within 2°C of lake temperature prior to stocking. Both groups of
muskellunge had noticeable tail damage when stocked, similar to
that observed for muskellunge stocked in Lake George last year
where high mortality was also observed.
We also continued to sample fish stocked in 1990 and 1991
during both fall and spring collections. Population estimates
were not attainable for fish stocked in previous years.
Collections of muskellunge from stockings in Lake George in 1991
were very low for both 8 inch (N=1) and 10 inch (N=4) fish during
fall 1992, and one 10 inch fish was captured in spring 1993.
Sampling in this lake confirmed earlier findings of zero survival
of 4 inch size groups, but higher survival of larger size groups
of esocids.
RECOMMENDATIONS: Results from the 1990-92 stockings indicate
that survival of fish less than 10 inches is poor, and no
survival has been observed for stockings of fish less than 8
inches during all three years. Sampling of fish stocked in 1990-
92 should continue in order to monitor the effect of size at
stocking on survival and growth rates through the second, third
and fourth years. We have begun to incorporate data collected in
this job into the esocid bioeconomic model. Simulations from this
improved model will be useful in determining trade-offs between
costs of rearing and size at stocking for individual impoundment
characteristics. These simulations will then be used to make
management recommendations regarding stocking of esocids in lakes
throughout Illinois.
JOB 101.2 Effect of rearing technique on esocid survival
OBJECTIVE: To compare survival of minnow and pellet reared
muskellunge and tiger muskellunge, and extensive and intensive
reared muskellunge in impoundments.
INTRODUCTION: In addition to size at stocking, another factor
which hatcheries can control which may potentially impact
stocking success is rearing method. Extensive rearing of esocid
fingerlings on minnows has been utilized for most stocking
programs, however intensive rearing on pellets has been found to
be a less expensive alternative (Klingbiel 1986). However, the
survival and behavioral characteristics of esocids reared on
minnows and dry diets should be evaluated before the
implementation of large-scale use of artificial diets (Hanson et
al 1986; Carline et al 1986). Similarly, survival of extensively
and intensively reared esocids may also differ, as extensively
reared tiger muskellunge have shown higher survival and faster
growth than pellet fed fish (Johnson 1978; Andrews 1983; Beyerle
1984). However, size at stocking, number stocked, and time of
stocking were not sufficiently controlled in these studies.
Differential susceptibility to predation and conversion to
available prey sources may greatly influence the survival and
growth rates of fingerling esocids reared by different methods.
In this job, we compare survival and growth rates of minnow
versus pellet reared and intensively versus extensively reared
muskellunge and tiger muskellunge and evaluate potential
mechanisms causing observed differences in growth and survival.
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METHODS: Equal numbers and similar sizes (200 mm) of minnow and
pellet reared tiger muskellunge and intensively and extensively
reared muskellunge were stocked simultaneously into reservoirs in
Illinois (Table 1). These esocids are of a size that typically
show intermediate survival, and have the potential to be greatly
affected by rearing method. Minnow and pellet reared tiger
muskellunge were stocked in Paradise Lake (Coles Co.), and
intensive pellet reared and extensive minnow reared muskellunge
were stocked in Lake George (Rock Island Co.).
All fish were reared at the Jake Wolf Memorial fish hatchery
in Manito, Illinois by the Illinois Department of Conservation.
Pellet reared esocids were marked with oxytetracycline, whereas
minnow reared fish were not. Oxytetracycline is incorporated into
calcium deposits and will fluoresce under ultraviolet light (Wahl
and Stein 1987). Incorporating oxytetracycline into the food
allowed esocids recovered from largemouth bass stomachs to be
distinguished by rearing method. Minnow and pellet reared fish of
both species were graded to match sizes. Minnow and pellet reared
esocids received unique fin clips prior to stocking which has
been found to be an effective method of marking stocked esocids
(McNeil and Crossman 1971). A sample of each esocid rearing type
was measured (nearest mm) and weighed (nearest g) prior to
stocking (Table 1). Fish were tempered to within 20C of lake
temperature before stocking to avoid thermally stressing the fish
(Mather and Wahl 1989). A sub-sample of each stocked group was
held in three predator-free cages (N=15/cage) for 48 hours to
monitor mortality associated with stress due to transport and
stocking.
Susceptibility to predation by largemouth bass was
determined as in Job 101.1. The number of minnow and pellet (or
intensive and extensive) reared fish collected from largemouth
bass stomachs on each date was combined with largemouth bass
population estimates to compute the total number of each rearing
type eaten daily. These values were then summed to compute total
predatory mortality. Temperature and dissolved oxygen
measurements were recorded on each sampling date in order to
determine their influence on survival rates.
Population estimates and catch-per-unit-effort for minnow
and pellet reared tiger muskellunge and intensive and extensive
reared muskellunge were computed in the fall and spring to
determine survival rates. The entire perimeter of each lake was
sampled at weekly intervals by electrofishing. All esocids
collected were given a caudal fin clip for mark-recapture
population estimates.
RESULTS: In Paradise Lake more pellet reared (N=28) than minnow
reared (N=14) tiger muskellunge were recovered from largemouth
bass stomachs. When numbers of tiger muskellunge collected from
largemouth bass stomachs on each date were combined with the
largemouth bass population estimate (Table 4) in Paradise Lake,
estimated predation was over four times higher on pellet reared
than minnow reared tiger muskellunge (Table 5), repeating the
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pattern found in three previous stockings of minnow and pellet
reared esocids in 1990 and 1991. These similar results suggest
that rearing technique has a strong influence on relative
predation rates of minnow and pellet reared esocids in
impoundments, and thus is an important factor affecting survival.
Catch rates were low for tiger muskellunge in Paradise Lake
during fall and catch of both rearing types ceased after 8 weeks,
although most fish disappeared from collections after only 2
weeks (Table 6). The largemouth bass density in Paradise Lake
(N=441) was near the upper range of those typically found in
reservoirs during this study, and was likely responsible for the
high mortality after stocking. Recaptures of pellet and minnow
reared tiger muskellunge were too few to compute population
estimates. Based on catch-per-unit-effort (CPUE), survival was
slightly higher overall for minnow reared than for pellet reared
fish (Table 6).
Predation estimates of muskellunge stocked in Lake George
found more extensive (N=3) than intensive (N=1) fish eaten.
However, numbers of fish recovered from largemouth bass stomachs
were extremely low, and reliable estimates of predation mortality
were not possible (Table 5).
Catch rates of extensive and intensive reared muskellunge in
Lake George were similar after stocking, but substantially more
extensive reared fish were collected in late fall and spring
(Table 7). Electrofishing mark-recapture population estimates
during fall in Lake George revealed survival was slightly higher
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for extensive (10%) than for intensive reared fish (8%).
Recaptures of these groups in spring were too few to compute
population estimates. However, more extensive (N=6) than
intensive (N=3) reared fish were marked during spring sampling.
No mortality was observed in cages after stocking for tiger
muskellunge in Paradise Lake. In Lake George, 4% mortality
occurred in cages for extensive reared muskellunge, but none for
intensive reared fish.
We also continued to sample minnow and pellet reared esocids
from stockings in 1990-92. Low numbers of minnow (N=1) and pellet
(N=4) reared muskellunge stocked in Pierce Lake during 1992 were
captured during fall 1993 electrofishing. In spring 1993, few
minnow (N=2) and pellet (N=1) reared fish from this stocking were
captured. No tiger muskellunge or muskellunge were recovered from
other previous stockings of minnow and pellet reared fish.
RECOMMENDATIONS: Stockings of extensive and intensive reared
muskellunge should be repeated in 1993. Additional stockings are
required to increase sample sizes for comparison of survival and
vulnerability to predation between esocids reared by the two
methods. Results from the 1992 stocking suggest that extensively
reared muskellunge have higher survival and higher growth rates
through fall than intensively reared fish, and this may play an
important role in determining esocid survival in impoundments.
Predation by largemouth bass appears to be a major component of
differential survival rates of minnow and pellet reared fish.
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Sampling of fish stocked in 1990-92 should continue in order to
monitor the effect of rearing method on survival and growth rates
through the second, third and fourth years.
Based on work to date, rearing technique has a major impact
on growth and survival of stocked esocids. Previous work has also
shown survival of muskellunge to be substantially higher than for
tiger muskellunge. However, these comparisons are confounded
because muskellunge and tiger muskellunge were not reared in the
same way. Muskellunge were reared on minnows and tiger
muskellunge were reared on pellets. Additional information is
required in order to make management recommendations regarding
which esocid taxa to stock and under what conditions. As a
result, during 1993 we will stock extensively reared muskellunge
and tiger muskellunge into Paradise Lake. By rearing these fish
using the same methods, we will be able to directly compare
between these two taxa.
JOB 101.3 Laboratory and pond experiments.
OBJECTIVE: To evaluate growth and survival rates of various
sizes, minnow versus pellet reared, and genetic stocks of esocids
in laboratory and pond experiments, and to examine foraging
behavior of minnow and pellet reared fish.
INTRODUCTION: Pond and laboratory experiments have been used
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often to determine the mechanisms that cause differences
observed in field studies (Wahl and Stein 1989, Werner et al.
1983, Savino and Stein 1982). In comparing survival of
muskellunge, tiger muskellunge and northern pike, Wahl and Stein
(1989) used both experimental ponds and laboratory pools to
compare vulnerability of esocids to largemouth bass predation.
These experiments were extremely useful in evaluating mechanisms
of differential survival. Differences in susceptibility to
predation among pellet and forage reared esocids may have
dramatic influences on survival. In this job, we employ the use
of experimental ponds and laboratory pools to examine the
susceptibility to largemouth bass predation and habitat use of
minnow and pellet reared muskellunge and tiger muskellunge.
METHODS: To examine how foraging behavior might affect predation
on esocids, we completed a set of laboratory experiments which
compared feeding success and activity. One minnow or pellet
reared tiger muskellunge was placed in a laboratory pool and
acclimated for 24 h. Experiments were conducted in pools that
were either non-vegetated or completely vegetated. Five fathead
minnows of sizes most frequently selected by hybrids (37-43% of
predator length, Gillen et al. 1981) were acclimated in a 10 cm
diameter opaque tube for 30 min, after which time the tube was
slowly lifted to release the minnows. Capture efficiency and
amount of time spent motionless, searching, following, and
handling prey were recorded for individual fish using a Datamyte
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event recorder (Electro/General Corporation, Minnetonka,
Minnesota).
Throughout our field and laboratory experiments we observed
differences in color morphology between pellet reared and minnow
reared esocids that could potentially influence relative
vulnerability to predation. Color differences were quantified in
the laboratory using an image analysis system (BioScan
Incorporated, Edmonds, Washington) which measures relative
brightness along a scale from black (grayscale value of 0) to
white (255). Values were recorded for individual tiger
muskellunge (160-190 mm) of each rearing type (N=12). Five point
samples of luminance (area = 0.08 cm2) were obtained from the
dark and light markings along the back of each fish. Markings on
the back were similar to those on the sides of the fish, and this
area of the fish was used in order to more precisely standardize
readings among fish. Fish were anesthetized and their position
fixed under uniform illumination (75 W fluorescent light).
Contrast was calculated for individual fish as the difference
between luminance values for dark and light bars.
RESULTS: Results of foraging behavior experiments with minnow
and pellet reared tiger muskellunge found capture efficiency
(number of captures divided by number of strikes) was high
(>70%), and did not differ between rearing types in both
vegetated and open habitats (Table 6; two-way ANOVA, P = 0.77).
Tiger muskellunge spent the majority of their time motionless or
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handling prey, with lesser time spent searching for and following
prey (Table 6). For all behaviors, no differences in activity
were observed between minnow and pellet reared fish in either
vegetated or open habitats (Table 6; two-way ANOVA, P > 0.43),
which appears to indicate that foraging behavior of minnow and
pellet reared fish is similar and is not likely to influence
predation rates in the field.
We observed qualitative and quantitative color differences
between minnow and pellet reared esocids. Minnow reared fish
displayed a greenish color typical of many esocids, with dark
markings (bars) on a light background (Scott and Crossman 1973).
Pellet reared fish had similar markings, but were grayish in
color. Grayscale values for both light and dark bars were higher
for pellet reared than minnow reared tiger muskellunge (Figure 5;
ANOVA, P S 0.02). Degree of contrast between light and dark
markings was also higher for pellet reared than minnow reared
fish (Figure 5; ANOVA, E = 0.02). These results suggest that
absolute color and contrast may influence detection of esocids by
predators in impoundments.
RECOMMENDATIONS: From reservoir experiments, rearing technique
influences vulnerability to predation. However, the mechanism for
these differences is not clear. Future work should examine
whether differences in color quantified for minnow and pellet
reared tiger muskellunge directly affects vulnerability to
predation. We will also begin to evaluate other potential factors
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such as differences in swimming performance. In addition, pond
and laboratory experiments will be used to evaluate factors
influencing survival of intensively versus extensively reared
fish. Pond experiments should also be conducted to examine
performance of different muskellunge stocks, to compare with
laboratory findings (see Job 101.5).
JOB 101.4 Growth and food habits of muskellunge and tiger
muskellunae
OBJECTIVE: To determine the effect of stocking size and rearing
technique on growth rates and food habits of muskellunge and
tiger muskellunge.
INTRODUCTION: The relative success of muskellunge and tiger
muskellunge in utilizing prey resources in impoundments after
introduction can play a large role in the overall success of a
particular stocking. Differences in conversion to available prey
in the field can significantly influence survival and growth
rates (Wahl and Stein 1988 ; Tomcko et al 1984). These
differences are primarily the result of foraging efficiency of
the fish and characteristics of the individual prey species.
Gillen et al. (1981) examined the effect of the diet history
(minnow vs pellet fed) of tiger muskellunge on foraging success,
and found pellet reared fish to require longer capture times and
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more strikes per capture than minnow reared fish. These
differences may be attributable to behavioral differences between
the two rearing methods. The availability of adequate sizes of
forage fish to various sizes of stocked esocids can also
influence survival. In this job, we examine the effect of rearing
method and size at stocking on the prey utilization and growth
rates of muskellunge and tiger muskellunge in impoundments.
METHODS: Each group of esocids stocked was sub-sampled for
length (nearest mm) and weight (nearest g) prior to stocking
(Table 1). Esocids were then collected every other week by
electrofishing the entire perimeter of each impoundment. Esocids
were measured and weighed at each collection date to determine
relative growth rates of minnow and pellet reared, extensive and
intensive reared, and various sizes of stocked esocids. Stomach
contents of all esocids collected were removed by stomach
flushing (Foster 1977) to determine food habits and to examine
differences in diet conversion between minnow and pellet reared
and extensive and intensive reared esocids.
Five stations were seined with 75 foot hauls every other
week to determine inshore species composition, densities and size
distribution of prey fishes available in each impoundment. Prey
were identified to species and counted. These data will be used
to evaluate the role of forage base in affecting growth and
survival of stocked esocids.
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RESULTS: Growth and food habits data were collected during fall
and spring sampling after stockings of muskellunge and tiger
muskellunge. Growth and food habits data were obtained from 8 and
10 inch muskellunge in Pierce Lake. Data were not available for 4
inch fish because of their absence from sampling collections.
Both 8 and 10 inch size groups displayed substantial growth
through fall (Table 8), and growth was faster than in previous
years. Final length and weight attained at the end of fall was
significantly higher for 8 inch than 10 inch muskellunge (P <
0.001; Table 7 and Figure 1). This was likely due to forage
densities, which were higher in 1992 than either previous years
in Pierce Lake or other study reservoirs. These relationships
occurred only in 1992, and were not a general trend. However,
these results indicate that high forage densities may allow 8
inch fish to have a growth advantage over later stocked 10 inch
fish. However, the tradeoffs of larger size but lower survival of
8 inch fish need to be evaluated further.
High percentages of both 8 and 10 inch fish collected
contained food throughout fall, with monthly differences in prey
species utilized (Table 9). Gizzard shad were primarily consumed
in early fall, with consumption of brook silversides and bluegill
increasing during late fall. Overall, gizzard shad and brook
silversides were most important in muskellunge diets. Seining
collections showed a variety of prey species available, but were
dominated by brook silversides followed by gizzard shad and
cyprinds. As in previous years, supplementary electrofishing
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samples showed gizzard shad to be exceedingly abundant, with
large numbers of appropriately sized gizzard shad available as
forage.
High mortality after stocking and resulting low sample sizes
prevented growth and food habits comparisons between pellet and
minnow reared tiger muskellunge in Paradise Lake. Few prey items
were removed from minnow (N=3) and pellet (N=2) reared tiger
muskellunge. Although seine hauls in Paradise Lake captured
primarily bluegill and white crappie, all prey items removed from
tiger muskellunge were gizzard shad. These results are similar to
that found in other stockings in Paradise Lake and show the
importance of gizzard shad as a prey species for stocked esocids.
As in past years, appropriately sized gizzard shad were
exceedingly abundant in electrofishing collections in Paradise
Lake.
Growth and food habits data were also collected from
extensive and intensive reared muskellunge stocked in Lake
George. Extensively reared muskellunge grew faster in length and
weight through fall than intensively reared fish (Table 10).
Percentages of fish containing prey were also higher for
extensively reared fish through fall (Table 11). Gizzard shad was
the dominant prey species consumed by both rearing types,
although the majority of fish captured in seine collections in
Lake George were bluegill and cyprinids. Gizzard shad were
abundant in electrofishing collections in Lake George.
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RECOMMENDATIONS: All esocids stocked in 1990-92 should continue
to be sampled by electrofishing at monthly intervals to monitor
growth and food habits. In 1993, we will also monitor growth and
food habits of all tiger muskellunge and muskellunge stocked in
Jobs 101.1 and 101.2.
JOB 101.5. Assessment of different genetic stocks of
muskellunae.
OBJECTIVE: To identify different genetic stocks of muskellunge
and to evaluate their performance characteristics for stocking in
Illinois impoundments.
INTRODUCTION: Different stocks of muskellunge have evolved under
different ecological conditions, and as a result have acquired
different performance characteristics. Growth rates, maximum
size, longevity, and survival are among the traits that will
affect an individual stock's value to Illinois fisheries.
Preliminary work has shown that genetic techniques will be useful
for identification of geographically distinct stocks. The
purpose of this job is to use genetic techniques to identify
different genetic stocks of muskellunge and then to evaluate
their performance characteristics for stocking in Illinois
impoundments. Several molecular techniques are being evaluated
for their ability to detect genetic variation in this species.
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During this segment of the study, we continued laboratory
evaluations of performance characteristics of the muskellunge
populations identified through our genetic work. We compared
consumption, growth, and metabolic rates of these populations as
a function of water temperature to examine how each population
might survive and grow in the thermal regimes present in
Illinois.
METHODS AND RESULTS:
Food consumption and growth
Experiments were completed examining temperature effects on
food consumption and growth of muskellunge stocks from Kentucky,
Minnesota, New York, Ohio, the St. Lawrence River, and Wisconsin.
Test temperatures included 5, 10, 15, 25, and 27.50C and
experiments were completed in appropriate seasons (summer, fall
and winter) to correspond to environmental water temperatures.
We tested stocks in a recirculating system that allowed
separation of fish into individual aquaria (35 L) while
maintaining both constant temperatures and water quality. Ten
muskellunge per stock were used per temperature treatment.
Two weeks prior to consumption experiments, muskellunge were
randomly assigned to aquaria and acclimated to test temperatures.
Muskellunge were starved from one to three days depending on
temperature to empty stomach contents and were then measured in
weight (g) and length (mm). Muskellunge were fed fathead minnows
ad libitum, and wet weights of minnows fed to each fish were
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recorded to determine 24 hour consumption rates. Experiments
lasted two weeks, after which muskellunge were again starved and
measured to determine growth.
We compared food consumption (g food consumed/g fish/d) and
relative growth (growth/g fish/d) among muskellunge stocks and
temperatures. Food consumption (Fig 2) and relative growth (Fig
3) both increased with temperature for most stocks, reaching a
peak at 25°C, but declining at 27.5°C. Food consumption and
growth of Kentucky fish increased with temperature from 50C to
27.5°C.
Significant differences in food consumption and relative
growth were related to population, temperature, and a
population/temperature interaction (ANOVA, Tukey's multiple
comparisons, P<0.05). At 5°C, Ohio, St. Lawrence River, and
Kentucky fish consumed less food and grew more slowly than fish
from Minnesota, New York, and Wisconsin populations. We saw no
differences in food consumption and relative growth among
populations at 10°C. At higher temperatures, fish from Wisconsin
and Ohio populations had higher consumption and faster growth
rates than muskellunge from the other populations.
Metabolic rate experiments
Tests of resting metabolic rate were completed on fingerling
muskellunge from five states (Kentucky, Minnesota, New York,
Ohio, and Wisconsin) representing five possibly distinct genetic
populations (Chautauqua population - NY; Leech Lake population -
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MN; Ohio population - KY, NY, OH; St. Lawrence River population -
NY; and Wisconsin population - WI). Fish were hauled or shipped
from hatcheries in these five states to the Kaskaskia Biological
station in July and August. Fish were held in fiberglass stream
tanks and acclimated to test temperatures for two weeks prior to
each set of experiments.
Metabolic rate tests were conducted in an environmental
chamber which allowed for control of temperature and photoperiod.
Tests involved evaluation of resting metabolic rate at five
temperatures (5°C, 100C, 15°C, 250, and 27.5°C). Photoperiod was
held constant at 14 h daylight and 10 h dark at 25°C and 27.5°C,
and 12 h:12 h at each of the other three temperatures. Four to
nine fish from each stock were tested at each temperature; two to
three replicate tests were performed on each fish.
Static as opposed to flow-through chambers were used to
measure metabolic rate (Bevelhimer et al. 1985). Measurements
were made by sealing each fish in a glass bowl (2.3 1) covered by
a plexiglass lid fitted with a polarographic dissolved oxygen
probe. Chambers were filled from an aerated head tank and
flushed of waste products before and after each test. Fish were
starved for 1-3 days prior to each test (depending on
temperature), and were transferred to static test chambers the
day before tests were conducted. Once a fish was sealed inside
the test chamber, records of oxygen levels inside the chamber
were output to a computer at 30 second intervals. Tests were
designed to measure resting metabolic rate, and records of oxygen
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levels during the tests were also used as a measure of activity.
Muskellunge were anesthetized, weighed, and measured at the end
of each set of tests. Seven to fourteen blanks were run at each
temperature to correct for any oxygen demand of the system other
than from the fish.
Metabolic rate was calculated as the drop in dissolved
oxygen content of the water during the test multiplied by the
volume of the test chamber. Values were expressed as a function
of the weight of the fish (g) and time (h). Tests lasted for
0.75 h to 1.5 h.
Metabolic rate of fish from these five stocks ranged between
0.07 and 0.1 mg 02/g/h at 5°C and peaked near 0.25 mg O2/g/h at
25°C and 27.5°C (Figure 4). These values are similar to those
reported previously for Ohio fish (Bevelhimer et al. 1985).
Preliminary analysis of data showed that population and
temperature had a significant influence on metabolic rate.
Metabolic rate of muskellunge from Kentucky and the St. Lawrence
River was significantly lower than that of fish from the other
populations tested (ANOVA; Tukey's multiple comparison; P<0.05).
There was a significant positive relationship between temperature
and metabolic rate for all muskellunge populations tested (Table
12).
In natural populations, we might expect that Minnesota and
Wisconsin fish would consume less oxygen at lower temperatures
than fish adapted to warmer temperature regimes. Conversely,
Ohio and Kentucky fish might consume less oxygen at higher
23
temperatures. Although there was a positive relationship between
temperature and metabolic rate for all muskellunge populations,
metabolic rate did not vary with temperature among populations in
the expected manner. Either Minnesota or Wisconsin fish had the
highest metabolic rate at all temperatures, and Kentucky fish had
consistently lower rates. Possible explanations for these
deviations from expected patterns are currently being
investigated.
RECOMMENDATIONS: Fish will be obtained from all of the current
sources for laboratory and pond experiments during the coming
year. In lab experiments, additional fish will allow us to
increase sample sizes and further examine differences in growth,
consumption, and metabolic rates among muskellunge from the
different populations. Additional data analysis will include
examination of activity effects on metabolic rate, allowing
extrapolation to a true resting rate. Pond experiments will
involve longer-term measurements of growth differences among the
different muskellunge populations, allowing us to examine whether
small differences in growth observed in laboratory experiments
are maintained throughout the first year of life.
Thus far our work on performance evaluation has emphasized
differences among young-of-year fish. Following pond studies
these differences need to be evaluated in reservoir stocking
experiments to fully evaluate the potential for use of different
muskellunge populations in Illinois management applications. We
24
should also initiate studies to address differences among stocks
that can be observed in adult fish. Parameters including
temperature tolerance (preferred and lethal), growth rates (time
to reach trophy size, maximum final size, size at first
reproduction), distribution of energy intake to reproductive
versus somatic growth, and longevity/survival need to be
evaluated in pond and / or field studies. Knowledge concerning
all of these traits will help to better define individual
populations and their potential value to Illinois fisheries.
JOB 101.6. Analysis and reporting.
OBJECTIVE: To prepare annual and final reports which develop
management guidelines for stocking esocids in Illinois
impoundments.
RESULTS AND RECOMMENDATIONS: Relevant data were analyzed and
reported in individual jobs of this report (see Job 101.1-101.5).
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Table 1. Summary of all esocid stockings in three Illinois
impoundments in 1992. Total length (nearest mm) and weight
(nearest 0.1 g) were measured prior to each stocking (N=50).
Paradise Lake was stocked with both pellet reared (P) and minnow
reared (M) fish. Lake George was stocked with intensive (I) and
extensive (E) reared fish. Lakes were stocked with tiger
muskellunge (TM) or muskellunge (MU).
Number Number Mean Mean
Stocking of per Length Weight
Lake Taxa Date Fish Hectare (mm) (g)
Pierce MU Jun 9 1350 20 105 5.0
MU Jul 15 895 13 213 42.2
MU Aug 17 690 10 247 69.6
Paradise (M) TM Aug 10 1500 21 190 33.0
(P) TM Aug 10 1500 21 196 35.3
George (I) MU Sep 8 569 8 201 30.2
(E) MU Sep 8 569 8 207 38.1
Table 2. Schnabel population estimates and relative survival
through fall 1992 of stocked esocids determined by
electrofishing mark-recapture estimates. Minnow (M) and pellet
(P) reared fish were stocked in Paradise Lake, while intensive
(I) and extensive reared fish were stocked in Lake George.
Values in parenthesis represent total catch.
Population Estimate
Lake Taxa Point Estimate 95% C.I. % Survival
George MU (I) 58 28-146 8
MU (E) 46 16-230 10
Paradise TM (M) (1) -- 0
TM (P) (2) -- 0
Pierce MU (4 in) 0 -- 0
MU (8 in) 129 74-250 14
MU (10 in) 234 136-441 34
Table 3. Catch-per-unit-effort (CPUE) from electrofishing on
successive dates after stocking for 4, 8 and 10 inch muskellunge in
Pierce Lake, 1992. Data are midpoints of one or more sample
collections.
Catch (c) CPUE (c/hr)
Effort
Date (hrs) 4 in 8 in 10 in 4 in 8 in 10 in
Jun
Jun
Jul
Jul
Aug
Aug
Aug
Sep
Sep
Oct
Nov
Nov
Apr
Apr
May
10
11
16
20
18
19
24
01
17
15
04
17
10
21
1
2.0
2.0
1.9
2.6
2.4
2.4
1.6
1.9
2.7
3.3
2.9
2.6
4.3
3.0
2.9
7
.4
0
0
0
0
0
0
0
0
0
0
0
0
0
59
8
5
2
8
11
5
14
19
15
6
26
5
3.5
2.0
0
0
0
0
0
0
0
00
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3
35
15
15
11
10
10
36
11
0
0
0
0
0
31.1
3.1
2.1
1.2
5.0
5.8
1.9
4.2
6.6
5.8
1.4
8.7
1.7
9.0
1.9
18.4
5.6
4.5
3.8
3.8
2.3
12.0
3.8
Table 4. Schnabel population estimates of largemouth bass
determined by mark-recapture in two impoundments stocked with
muskellunge and one with tiger muskellunge, 1992. Minimum sizes
of largemouth bass used in population estimates are based on
maximum prey/predator ratios observed for esocids recovered from
bass stomachs.
Population Estimate
Minimum
Lake Taxa size Point Estimate 95% C.I.
Pierce LMB/SMB 135 181 112-315
Paradise LMB 270 441 309-655
George LMB 270 477 266-970
Table 5. Estimated numbers of esocids eaten by large-
mouth bass in two impoundments with muskellunge
(MU) and one impoundment with tiger muskellunge (TM).
Paradise Lake was stocked with minnow (M) and pellet (P)
reared fish. Lake George was stocked with intensive (I)
and extensive (E) reared fish. Values were computed by
combining number of esocids per largemouth bass stomach
with largemouth bass population estimates.
Number Number Percent
Lake Taxa eaten stocked of total
Pierce MU 60 (4") 1350 4.4
MU 0 (8") 895 0
MU 0(10") 690 0
Paradise TM 716 (P) 1500 47.7
TM 176 (M) 1500 11.7
George MU 37 (I) 569 6.4
MU 119 (E) 569 20.9
Table 6. Catch-per-unit-effort from electrofishing on
successive weeks after stocking for minnow (M) and pellet (P)
reared tiger muskellunge in Paradise Lake, 1992.
Catch (c) CPUE (c/hr)
Effort
Week (hrs) M P M P
1 4.70 25 25 5.3 5.3
2 1.93 8 1 4.1 0.5
3 1.67 2 2 1.2 1.2
4 1.87 0 2 0 1.1
9 0.42 1 0 2.4 0
Table 7. Catch-per-unit-effort from electrofishing on
successive weeks after stocking for extensive and intensive
reared muskellunge in Lake George, 1992-93. Data are
midpoints of one or more sample collections.
Catch (c) CPUE (c/hr)
Effort
Week (hrs) Ext Int Ext Int
2 2.5 7 5 2.8 2.0
3 2.7 5 5 1.9 1.9
5 5.4 13 15 2.4 2.8
8 7.0 10 5 1.4 0.7
10 6.1 8 4 1.3 0.6
13 2.2 7 0 3.2 0
31 4.3 7 4 1.6 0.9
33 6.1 3 1 0.5 0.2
Table 8. Average lengths and weights after stocking of 8 and
10 inch muskellunge in Pierce Lake from fall electrofishing
samples. Dashes indicate periods when no fish were collected
or no data was available.
8 inch 10 inch
Week Length Weight N Length Weight N
(mm) (g) (mm) (g)
2 231.3 49.5 8 255.2 80.8 38
5 262.6 86.9 16 273.2 93.7 15
8 280.0 105.7 19 296.3 137.1 8
10 317.0 149.2 5 306.1 141.7 7
12 - - - 330.9 146.0 11
15 323.0 169.3 14 324.2 157.0 10
17 356.1 213.6 19
19 361.8 219.5 15
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Table 10. Average lengths and weights after stocking of
extensive and intensive reared muskellunge in Lake George
fall and spring electrofishing samples.
from
Extensive Intensive
Week Length Weight N Length Weight N
(mm) (g) (mm) (g)
2 208.9 43.4 7 199.0 31.2 5
3 242.8 60.8 5 205.0 30.4 5
5 239.8 72.1 13 205.5 32.3 15
8 258.2 78.4 10 220.0 38.4 5
10 282.0 103.8 8 249.8 47.5 4
13 284.6 97.7 7 220.0 40.0 1
32 282.0 98.0 10 228.0 42.5 5
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Table 12. Relationship between temperature (T) and metabolic rate
(RATE) for five muskellunge stocks.
Stock Equation R2  P
KY RATE=(0.006*T)+0.048 0.70 0.0001
MN RATE=(0.008*T)+0.086 0.65 0.0001
NY RATE=(0.008*T)+0.059 0.70 0.0001
OH RATE=(0.008*T)+0.059 0.76 0.0001
WI RATE=(0.006*T)+0.006 0.53 0.0002
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Fig 1. Mean lengths and weights after stocking
for 8 inch and 10 inch muskellunge in Pierce
Lake, 1992. Vertical lines are 95% confidence
intervals.
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Figure 2. Comparisons of food consumption
for six muskellunge stocks at five temperatures.
Vertical lines represent 95% confidence intervals.
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Figure 3. Comparisons of relative growth for
six muskellunge stocks at five temperatures.
Vertical lines represent 95% confidence intervals.
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Figure 4. Comparisons of metabolic rate for
six muskellunge populations a; five temperatures.
Vertical lines represent 95% confidence intervals.
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